Abstract: A large number of significant bioactive natural and synthetic alkyl(methyl)maleic anhydrides are known in the contemporary literature. A broad range of suitably functionalized substrates have been tailored to accomplish concise and efficient syntheses of an array of alkyl(methyl)maleic anhydrides employing a variety of elegant synthetic strategies. This review presents a brief literature account of the isolation and activity of these important target compounds with a special emphasis on their synthesis.
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Introduction
Cyclic anhydrides, especially maleic anhydrides, are attractive molecules for two main reasons: (i) they are endowed with tremendous biological potential and are prominent class of natural products, 1 and (ii) they can be used as building blocks or versatile intermediates for the synthesis of a vast array of structurally interesting bioactive compounds. 2 Maleic anhydride (furan-2,5-dione) was prepared for the first time two centuries ago by the catalytic oxidation of benzene over vanadium pentoxide. 3 A large number of naturally occurring maleic anhydrides and their derivatives have been identified, with most of these having biological activity and displaying a wide range of pharmacological properties. 4 Methylmaleic anhydride (citraconic anhydride) is the most widely used monoalkyl-substituted maleic anhydride, yet only a few synthetic approaches for methylmaleic anhydride are known in the literature. 5 Hitherto, monoalkyl-substituted maleic anhydrides have not been much explored as compared to methyl maleic anhydride. 6 Alkyl(methyl)maleic anhydrides are a small but significant class of bioactive natural products. A number of them have been isolated as natural products and they exhibit broad range of biological activities (Table 1) . [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Owing to their important biological activities and structural features, these natural products received immediate attention from several research groups, leading to the development of elegant synthetic approaches. Many synthetic structural analogues of these natural anhydrides have also been synthesized and biologically examined during past two decades. Recently, a comprehensive review dedicated to this important class of natural products was published. 1b On the basis of the past two decades worth of research into the synthesis and chemistry of cyclic anhydrides and their derivatives, many new interesting results in the synthesis of these natural products using selective carbon-carbon and carbon-heteroatom bondforming reactions have been published by Argade and coworkers. 18 Preceding syntheses and Argade and co-worker's approach to natural and unnatural products containing the maleic anhydride backbone were described in an earlier Ph.D. dissertation. 19 Herein is presented a focused literature review of the chemistry of naturally occurring alkyl(methyl)maleic anhydrides.
Recent Synthetic Strategies towards the Natural and Unnatural Alkyl(methyl)maleic Anhydrides
In this section, the widespread knowledge regarding natural and unnatural alkyl substituted methylmaleic anhydrides is collected and discussed. Furthermore, an emphasis is placed on the newly developed synthetic routes and strategies. Some medicinal, biological, or pharmacological data and uses of corresponding maleic anhydrides and derivatives are mentioned as available. Since large amounts of data are available in the literature, no pretension of completeness is claimed here.
Dimethylmaleic Anhydride
Dimethylmaleic anhydride (DMMA), also known as pyrocinconic anhydride, is the simplest and most widely used derivative of alkyl(methyl)maleic anhydride. It was isolated from Tamarindus indica L. as an essential oil More than 20 synthetic approaches to dimethyl maleic anhydride using a variety of strategies are known. The chemistry involved in these approaches is summarized in Table 2 . [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] Notably, only four of them provide the desired dimethylmaleic anhydride in greater than 60% overall yield.
The utilities of methyl and dimethylmaleic anhydrides have been well proved in laboratory as well as in industrial practices. 39 They have also been used for the synthesis of important heterocyclic systems 40 and as an interesting component in cycloaddition reactions. 41 A large number of natural products have been synthesized from them. were isolated from Agropyrum repens (rhizome) and Pseudomonas cepacia A-1419, respectively (Table 1 , entries 2-4). Structurally related oxygenated hexylitaconates from a marinesponge-derived fungus have also been isolated, and evaluated for cytotoxic and anti-inflammatory activity. 43 Argade and co-workers synthesized these natural products using the chemoselective carbon-carbon coupling reaction of bromomethyl(methyl)maleic anhydride (2) with organocuprates. 44a The alkyl(methyl)maleic anhydrides 3 were obtained in 55-60% yield (Scheme 1). It is remarkable that the coupling reactions take place with preservation of the cyclic anhydride moiety. The 2-hexyl-3-methylmaleic anhydride was also obtained starting from 2,2-dichlorooctanoic acid.
44b
This route involves the atom-transfer radical cyclization of an N-alkyl-N-(3-chloroprop-2-enyl)amide, followed by rearrangement of the resulting trichloropyrrolidin-2-one. The method appears to be general for the preparation of other alkyl(methyl)maleic anhydrides. The structural assignment of chaetomellic anhydride A and B was carried out on the basis of analytical and spectral data. The position and geometry of the carbon-carbon double bond in the side chain of chaetomellic acid B was established by MS analysis of the corresponding monoepoxide, prepared by reaction with m-chloroperoxybenzoic acid in dichloromethane. Chaetomellic acids A and B have been identified as potent inhibitors of Ras farnesyl-protein transferase (FPTase, an enzyme that catalyzes a post-translational modification of Ras), with an IC 50 value of 55 and 185 nM, respectively. 45 Chaetomellic acid A is three times more potent than chaetomellic acid B and became the main attraction of synthetic efforts because of its potent FPTase inhibitory activity; in contrast, chaetomellic acid C is 10 times less active against human FPTase.
46a,b
More recently, Sabbatini et al. showed that the inhibition of the Ras/ERK1/2 pathway by chaetomellic acid A resulted in a beneficial effect on acute ischemiareperfusion injury in rats, preserving renal function and histology. Similar results were also described in an experimental murine model of ischemic stroke (exocytoxic lesion), in which chaetomellic acid A administration significantly reduced the production of superoxide anion and the volume of cerebral necrotic tissue. Possessing both essential hydrophilic and hydrophobic units, chaetomellic acid A appropriately binds and deactivates the responsible enzyme. 47 Owing to their propensity to be present in the cyclized form, these natural products are isolated as their anhydrides. However, they actually exhibit their FPTase inhibitory activity in their diacid/dianionic forms (Scheme 2). Recently, the dianionic form of chaetomellic acid A was used in characterizing the FPP (farnesyl diphosphate) binding site in rubber transferase. Since the isolation of chaetomellic acids in 1993, several syntheses have been reported in the past two decades. The chemistry involved in all earlier syntheses is summarized in Table 3. 38b,44b, [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] Apart from the above-mentioned syntheses, some more recent approaches for the synthesis of chaetomellic anhydride and/or their analogues are presented in schematic format and discussed below. The synthetic approach reported in 2008 from Argade and Haval involved the generation of a carbanion on an alkylidenesuccinimide unit and its condensation with various alkyl halides as the key reaction for the synthesis of a range of dialkylmaleic anhydrides 8 (Scheme 3). 59 Trisubstituted exocyclic to tetrasubstituted endocyclic carboncarbon double-bond isomerization followed by basic hy- 16 but-2-yne 
drolysis and acidification furnished the desired maleic anhydrides in good yields.
Tanaka and co-workers reported the synthesis of chaetomellic anhydride A (4a) via palladium-catalyzed carbonylation under Cacchi conditions. They efficiently incorporated carbon monoxide, generated in situ from acetic anhydride and sodium formate, into the β-carbomethoxyalkenyl triflate providing the maleic anhydride motif in 61 % yield over four steps from propionate (Scheme 4). 60 Remarkably, the carbonylation takes place at room temperature, although some palladium-catalyzed carbonylation reactions demand higher temperature. The scope of the method has also been well illustrated. 
61
The basic hydrolysis of product 11 followed by dehydrative cyclization delivered the corresponding disubstituted maleic anhydrides 12 in excellent yields (Scheme 5).
The most recent approach described by Ghelfi and coworkers is based on the copper-catalyzed radical cyclization of (Z) -3-(2, 2-dichloropropanoyl) -2-pentadecylidene-1, 3-thiazinane (16; Scheme 6). 62 This method offers a versatile approach for the preparation of chaetomellic acid A (4a) and analogues through the synthesis of an intermediate maleic anhydride with a vinylic group at the end of the aliphatic chain. It was then further transformed through a thiol-ene coupling to the desired product 17. A molecular docking study revealed that this sulfur-impregnated analogue of chaetomellic acid A -2-[9-(butylthio) nonyl)]-3-methylmaleic acid disodium salt (17) is a more competent FTase inhibitor than chaetomellic acid A itself.
2.4
Tyromycin A Tyromycin A was isolated from mycelial cultures of basidomycete Tyromyces lacteus (Fr.) Murr, 63 and its structure was established to be 4,4′-(hexadecane-1,16-diyl)bis(3-methylfuran-2,5-dione) through the use of spectral and analytical techniques, and by transformation into the corresponding tetramethyl ester and diimide derivatives. Among the enzymes bound to surfaces of mammalian cells, amino peptidases have been recognized as a potential target for immunomodulating drugs. In this regard, tyromycin A was found to inhibit the leucine and cysteine amino peptidases bound to the outer surface of HeLa S3 cells, to exhibit cytostatic activity and, more specifically, it is one of the two amino peptidase inhibitors known in the literature. The enzyme-inhibiting activity is dependent on the two maleic anhydride moieties, the stable imide of tyromycin A being devoid of inhibitory activity on the cell-bound amino peptidases of HeLa cells. Tyromycin A is the first bioactive natural product with two citraconic anhydride units, which suggests a biosynthesis by condensation of an activated eicosanedioic acid with two molecules of pyruvic acid. 
17
ONa NaO S The first synthesis of tyromycin A was completed by Samadi and co-workers, who employed the decarboxylative Barton radical-coupling reaction (Scheme 7). 64 The starting compound, 1,18-octadecanedioic acid (18), was converted into the corresponding thiohydroxamic diester 20 using triphenylphosphine and 2,2′ dithiobis(pyridine N-oxide) (19) . Diester 20 reacted with citraconic anhydride (21) in the presence of tungsten light (500 W) to furnish the intermediate addition product 22, which, upon chromatographic purification through a column of silica gel, afforded the eliminated product tyromycin A (23). The lower homologues were also synthesized in good overall yields. Argade and Mangaleswaran synthesized tyromycin A by employing a double Wittig reaction of the citraconimidetriphenylphosphine adduct with 1,16-hexadecanedial. 65 The desired starting 1,16-hexadecanedial was prepared from 1,16-hexadecanediol in 72% overall yield. Wittig reaction of the citraconimide-triphenylphosphine adduct with 1,16-hexadecanedial furnished a geometric mixture of products with 25 as the major isomer in very good yield (70%). The mixture of products in refluxing tetralin underwent a smooth double bond isomerization, from trisubstituted exocyclic to tetrasubstituted endocyclic, to yield the bismaleimide derivative 26 exclusively and in quantitative yield. The bisimide 26, upon treatment with potassium hydroxide in a 1:1:1 mixture of water, tetrahydrofuran and methanol, followed by acidification, gave tyromycin A (23) in 98% yield (Scheme 8). Most recently, Roncaglia and co-workers described the synthesis of tyromycin A (23) and its unnatural lower homologues. The pivotal intermediates to these target compounds, α,α,α′,α′-tetrachlorodicarboxylic acids 28, were obtained from a castor oil renewable resource, undecylenic acid (27) . Further transformation of this polyhalogenated carboxylic acid 28 into tyromycin A (23) was carried out by using a transition-metal-catalyzed atom-transfer radical cyclization and a functional rearrangement reaction as the key steps (Scheme 9).
44c,66
It has also been proposed that the transformation of compound 31 to the desired product 23 takes place via the unisolable intermediate 32.
2.5
Aspergillus Acids A-D On the basis of the Horeau method, the chiral center in acids C and D was assigned the Sconfiguration.
The first synthesis of these naturally occurring acids were carried out in Argade's laboratory, comprising introduction of the remote functional groups and a lipasecatalyzed resolution as the key steps. 67 The triphenylphosphine-induced Wittig olefination of citraconimide 24 with acetoxyaldehyde in refluxing acetic acid gave the corresponding exo-alkylidene succinimide 33 (E/Z = 9:1, by 1 H NMR) in 70% yield. Trisubstituted exocyclic to tetrasubstituted endocyclic carbon-carbon double-bond isomerization using triethylamine furnished the desired maleimide 34 in 92% yield. Basic hydrolysis of maleim- 
Tautomycin and Tautomycetin
Isono and co-workers, in 1987, reported the isolation and structural elucidation of tautomycin (41) from a strain of Streptomyces spiroverticillatus as a new antibiotic (Figure 1) .
13,68
It exhibits a strong antifungal activity against Sclerotinia sclerotiorum. The structural elucidation of tautomycin was done on the basis of chemical degradation and spectroscopic evidence. It contains maleic anhydride and spiroketal moieties with 13 chiral centers. A few tautomycin derivatives, with photoaffinity probes installed at the 2-position, were prepared in order to prove the details of binding site to PP1. 69 These photoaffinity probes were designed on the basis of the structure-activity relationship; for example, as observed in the case of chaetomellic acid A, the diacid moiety is indispensable for the bioactivity. 69 The selective introduction of photolabeling units on the 2-position of tautomycin was achieved through the 2-oxime of tautomycin diacid.
70
The structure-activity relationship has also been studied for this compound. Tautomycetin exists as an equilibrium mixture of 2,3-dialkylmaleic anhydride and its dicarboxylic acid in methanol-buffer solution (1% Et 2 NH·HCO 2 H, pH 7.3) and it possesses a strong immunosuppressive activity. 72 The biosynthesis of tautomycetin (42) was investigated by Isono and co-workers, who carried out feeding experiments with 13 C-labeled precursors. 73 The biosynthetic gene cluster for tautomycetin was recently cloned and sequenced. To elucidate the biosynthetic machinery associated with tautomycetin production, the ttn biosynthetic gene cluster from S. griseochromogenes was isolated and characterized, and its involvement was confirmed by gene inactivation and complementation experiments. 74 Segment A of tautomycetin was synthesized from a propionate and a C-5 unit, wherein the C-5 unit was formed from three acetate units through decarboxylation. Tautomycin (41) and tautomycetin (42) both exhibit good biological activities, including antimicrobial activity and Ser/Thr/Tyr protein phosphatase inhibitory activity. Besides antifungal activities, they were found to induce morphological changes (bleb formation) in human leukemia K562 cells. 75 Their structural complexity and unique biological activities have stimulated many research groups to select them as synthetic targets.
Disubstituted Maleic Anhydride Segment of Tautomycin and Tautomycetin
As shown in Figures 1 and 2 , the broad retrosynthetic analysis of tautomycin and tautomycetin afforded segments A, B and C. Total synthesis of these molecules involves the synthesis of three segments followed by stepwise coupling of these building blocks. 76 Both compounds possess a unique 2,3-disubstituted maleic anhydride ring system at the left terminal of the molecule, which is known as segment A (Table 1, entry 12) . Segment A is a highly oxygenated molecule with three carboxylic groups and one hydroxy group. According to Chamberlin and co-workers, the greatest challenge in the synthesis of tautomycin (41) lies in the construction of the simple-looking 2,3-disubstituted maleic anhydride segment A. 77 The anhydride moiety in tautomycin/tautomycetin shows the same chemical behavior in aqueous media as the chaetomellic acids, namely that they exist in equilibrium between the anhydride and diacid forms, depending on pH. So far, five multi-step synthesis of segment A have been published, and these employ various elegant strategies. In the total synthesis of tautomycin, Ichihara and coworkers developed an interesting approach for the synthesis of segment A (Scheme 12).
78
The alcohol 43 was oxidized under Parikh-Doering conditions and transformed to afford trans-olefin 44. Subsequent Sharpless asymmetric dihydroxylation using AD-mix-β in the presence of methanesulfonamide provided diol 45 with high enantioselectivity. Oxidative acetalization by 2,3-dichloro-5,6-dicyano-1,4-benzoquinone in nonaqueous media regioand stereoselectively achieved effective protection of the C1′ and C3′ hydroxy groups as a 3,4-dimethoxybenzylidene acetal. The remaining free hydroxyl group in 46 was then oxidized by Dess-Martin periodinane. The obtained keto ester 47 was subjected to a Horner-WadsworthEmmons reaction, producing the desired dialkyl maleate 48 in 67% yield over two steps. The acetal group was removed by pyridinium p-toluenesulfonate in methanol. The diethylisopropylsilyl (DEIPS) group, a slightly more acid-sensitive protecting group than tert-butyldimethylsilyl, was employed for final protection of the C3′ hydroxy, and thus the diol 49 was bis-silylated. Selective primary silyl ether deprotection yielded C3′ DEIPS ether 51, which was successively converted into the requisite segment 53 via aldehyde 52.
Isobe and co-workers synthesized the 2,3-disubstituted maleic anhydride segment of tautomycin in enantiomerically pure form. Singlet-oxygen-induced oxidation of a 3,4-disubstituted furan followed by esterification were the key steps (Scheme 13). Removal of the auxiliary with lithium hydroperoxide gave the acid 65 which was in turn esterified using diazomethane in diethyl ether to provide the corresponding monomethyl ester 66. Finally, the tert-butyldimethylsilyl group was removed with pyridinium poly(hydrogen fluoride) complex to furnish the desired 2,3-disubstituted maleic anhydride segment 67. Shibasaki and co-workers carried out the synthesis of segment A by using the asymmetric reduction of a β-keto ester as a key step (Scheme 14).
80
Commercially available itaconic acid (68) was transformed into carboxylic acid 69 Scheme 12 Ichihara's approach for the synthesis of maleic anhydride segment of tautomycin in a five-step reaction sequence by using literature procedures. Carboxylic acid 69 was then converted into Weinreb amide 70, which was treated with the lithium enolate of methyl acetate to yield β-keto ester 71. Asymmetric reduction of the ketone was carried out using borane-tetrahydrofuran complex and the oxazaborolidine catalyst developed by Corey to obtain alcohol 73 in 56% yield. The resulting alcohol 73 was protected as DEIPS ether 74, which upon hydrolysis and re-esterification furnished compound 75. This was then converted into 76 by lightinduced oxidation. Finally the anhydride 76 was, in four steps, transformed into 77, which was used for condensation with fragment B in the total synthesis of tautomycin. Chamberlin and co-workers also carried out a total synthesis of tautomycin. The addition of a mixed methyl cuprate to the symmetrical acetylenedicarboxylic ester 78, followed by trapping of the intermediate with an electrophile (the malonic acid equivalent 3-pentenoyl chloride) ultimately gave the unstable enone 79 as a mixture of geometrical isomers (Scheme 15).
77
Reduction of enone 79 with (+)-diisopinocampheylchloroborane (DIP chloride) afforded the alcohol (+)-80. Protection of the hydroxy substituent as the triethylsilyl ether 81, ozonolytic cleavage of the disubstituted alkene and subsequent oxidation of the aldehyde to a carboxylic acid gave (±)-83 in 72% yield.
Argade and co-workers synthesized 2,3-disubstituted maleic anhydride segment 67 by employing chemoselective condensation of diethyl malonate with bromomethyl(methyl)maleic anhydride (2). Acidic hydrolysis and decarboxylation of diester 84 followed by regioselective bromination with N-bromosuccinimide gave the bromo acid 86 in 70% yield over two steps. Bromo acid 86, upon treatment with 1 M aqueous potassium hydroxide followed by acidification and then esterification with diazomethane, yielded the desired tautomycin segment A 67 in 87% overall yield (Scheme 16). 
2.7
Lindenanolide E, Itaconitin, Graphenone and 2,3-Didehydrotelfairic Anhydride
Lindenanolide E was isolated from the species Lindera chunni Merr and it possesses HIV-1 integrase inhibiting activity; to date its synthesis has not been reported ( The biological screening of these natural products has not been reported, nor have any syntheses of itaconitin and graphenone. We strongly believe that these conjugated alkenyl(methyl)maleic anhydrides will also show potency towards RFTase inhibition. The challenge in the total synthesis of these delicate compounds is the conservation of the double-bond stereochemistry throughout the synthesis. Very recently, we completed the first total syntheses of 2,3-didehydrotelfairic anhydride (94) and dehomoitaconitin (96) (Scheme 17). 82 We demonstrated a distinguishing conjugative 1,4-elimination progression in alkylidenesuccinate to design a unique approach to natural and unnatural alkenyl(methyl)maleic anhydrides. The described base-promoted 1,4-elimination of acetone by way of cleavage of a cyclic ketal moiety with the delocalization of the thus-formed carbanionic species in the α,β-unsaturated carbonyl system is noteworthy from a basic chemistry viewpoint, and is thermodynamically favorable for reasons of stability. The obtained allylic alcohol 91 was transformed into natural and unnatural conjugated alkenyl(methyl)maleic anhydrides via oxidation followed by Horner-Wadsworth-Emmons reaction in very good yields. The synthesis of dehomoitaconitin (96) was also accomplished via the novel 1,6-elimination progression in an appropriately tailored alkylidenesuccinate derivative.
Synthetic Analogues of Alkyl(methyl)maleic Anhydrides
Vederas and co-workers synthesized the unnatural farnesyl(methyl)maleic anhydride (Scheme 18), which exhibited seven-fold enhancement in RFTase inhibition compared to chaetomelic acid A. 52, 83 Addition of organocuprates, derived from the corresponding Grignard reagents, to dimethyl acetylenedicarboxylate (97) in tetrahydrofuran containing hexamethylphosphoramide was followed by capture of the resulting copper enolates with a variety of electrophiles to give dimethyl maleate derivatives 98. In this sequence, the formed vinylic carbanion was trapped with an appropriate electrophile at lower temperature to achieve the stereoselectivity. Hydrolysis of diesters 98 with lithium hydroxide generated the corresponding lithium carboxylates, which upon acid Reaction of an alkyl Grignard reagent with 97 in the presence of copper(I) bromide-dimethylsulfide complex, followed by an in situ quenching with iodine at -78°C, formed the tetrasubstituted cis-iodoalkene 100 stereoselectively. It was then successfully transformed into the desired product 102 by a Suzuki crosscoupling reaction with (E)-pent-1-enyl benzodioxaborole (101). Nikitin and Andryukhova demonstrated the synthesis of a library of 5-alkoxy-1-aralkyl-3-aryl-4-methyl-2,5-dihydro-2-pyrrolones and the corresponding alkylthio derivatives through the intermediate formation of unsymmetrical maleimides and maleic anhydrides (Scheme 20). 85 The unsymmetrical anhydrides 105 were obtained by the Meerwein reaction of arenediazonium chloride with monosubstituted anhydrides 104 in acetone with a copper salt as the catalyst. The intermediate 3-aryl-4-chloro-4-methylsuccinic anhydrides were directly subjected for elimination of hydrogen chloride in refluxing acetic anhydride.
Scheme 20
Meerwein reaction of arenediazonium chlorides with monosubstituted maleic anhydrides Kishorebabu and Periasamy reported the reaction of alkanoic acid anhydrides 106 with α-keto esters 107 by using a titanium(IV) chloride and tributylamine reagent system to provide the corresponding disubstituted maleic anhydrides 108 in 62-95% yields (Scheme 21). 86 Chatani and co-workers described the reaction of alkynes 109 with carbon monoxide and pyridin-2-ylmethylamine (110) in the presence of tetrarhodium dodecacarbonyl and triethyl phosphite to furnish the disubstituted maleimide derivatives 111 in 39-52% yields (Scheme 22). 87 The maleimide derivatives can easily be further transformed into the corresponding maleic anhydride derivatives. Invariably, the catalytic cycle begins with the formation of a carbamoyl methyl radical. The formed radical leads to a cascade of reactions, including a radical polar crossover step, which results in the formation of the maleimide nucleus, or its precursors. The products 113 and 114, obtained from the radical cyclization of the sixmembered cyclic ketene-N,S-acetals, were efficiently transformed into disubstituted maleic anhydrides 115.
Basavaiah et al. developed a one-pot procedure for the synthesis of unsymmetrical 3,4-disubstituted maleimide and maleic anhydride derivatives 119 using BaylisHillman adducts 118 derived from α-keto esters 116 as the electrophiles (Scheme 24). 89 This strategy has been successfully employed for the synthesis of the important bioactive natural product himanimide A (120). Hiyama and co-workers reported that cyanoformates and cyanoformamides add across alkynes by way of a nickelLewis acid co-operative catalysis to provide cyano-substituted acrylates 123 and acrylamides respectively, in a highly stereoselective and regioselective manner (Scheme 25). 90 The resulting adducts were demonstrated to serve as versatile synthetic building blocks through chemoselective transformations of the ester and cyano functional groups, as well as those of the R groups. The products of such reactions included cyano esters, amino nitriles, γ-lactams, γ-aminobutyric acid, and disubstituted maleic anhydride 124. 
Summary
In summary, a concise literature account of the chemistry and synthesis of alkyl(methyl)maleic anhydrides has been presented, along with their isolation and bioactivity data. It is anticipated that the reported approaches would be useful in synthesizing important natural product analogues and hybrids for structure-activity relationship studies. It is also believed that the broad field of alkyl(methyl)maleic anhydrides will be of continuing interest to both the synthetic and medicinal chemistry fields and that there will be interminable promising advancements made. The combination of natural and hybrid anhydrides and their derivatives will certainly serve as a launching pad to new, effective compounds to fight against new and old diseases. Apart from these practical synthetic approaches and significant biological activities, a large number of synthetic applications have also been devoted to this fundamental class of compounds, the alkyl(methyl)maleic anhydrides. Certainly, most of the protocols described herein for the synthesis of alkyl(methyl)maleic anhydrides should work equally well for the synthesis of an array of symmetrical and unsymmetrical dialkyl-substituted maleic anhydrides. 
